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Abstract
The Complexity in engineering projects has increased over the years, which has lead to
an increase in the number of organizations involved in those projects. In today's
environment, these organizations operate in different parts of the world requiring their
personnel to be geographically distributed. However, current project management
practices require project personnel to be geographically collocated and thus are unable to
provide the infrastructure to support geographically distributed project management
teams. In addition, current project management practices require access to PC-based
resources for project information, which is not always a feasible alternative for on-site
project personnel, as it requires certain hardware and office configurations. Thus,
alternatives to PC-based resources such as Personal Digital Assistants (PDA) or Phones
are needed for information access. Moreover, once project information has been
conveyed to all project personnel, the system should aid them in terms of providing data
analysis tools and presenting technical or management solutions to the problems
encountered by the project personnel. This thesis presents a collaborative project
management system with a knowledge repository, analysis resources and multiple device
access to support the infrastructure of distributed project management teams in complex
Architecture/Engineering/Construction projects. The primary goal for such a system
would be to provide a platform where project information can be effectively shared with
any of the project management personnel from anywhere and with a very few limitations
on the computing device.
Thesis Supervisor: Prof. Feniosky Penia-Mora
Title: Associate Professor of Civil and Environmental Engineering
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Chapter 1
1.0 Introduction
Project teams are becoming more complex and distributed in nature. In a large-
scale project, real time solutions to a problem can help in completing the project on time
and within budget. A key barrier to the effective utilization of project management
practices has been the limited access to information and analysis support to find a
solution to the problem at hand. Moreover, in the present form of project management
systems, the project managers spend most of the time reacting to the previous project
status meetings, and by the time the project manager is able to address changes in project
requirements, some conditions may have changed. A more proactive approach is needed,
where the role of the Project Manager is to look ahead and manage exceptions and get all
the participants involved to resolve the exception, rather than focusing on routine project
issues in an iterative process of problem solving.
Currently, there are many project management solutions offered by companies
such as CitadonTM [47], Framework TechnologiesTM [48] and e-BuilderTM [54] that
involve providing a web based project repository for project management where the
project personnel post project schedule and resource changes over the web. Once the
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project updates have been submitted, the latest information is available to other team
members. Here, the access to the project information is limited to users with desktop
browsers, making it difficult for on-site personnel, who might not always have access to a
desktop computer. In addition, apart from simple data exchange and updating the project
schedule, web based project repositories offer no real time analysis tools to process the
project information. Moreover, they offer no structured support for an efficient
interaction among project personnel. In short, the Web based project management
approaches allows information dissemination, but do so only for a limited segment of
desktop users and with no effective collaborative support.
Some other solutions offered by companies such as WebExTM [41], CentraTM [53],
EvokeTM [52] and PlacewareTM [51] allow users to share application from different
computers. This approach can provide project management personnel with the ability to
share project information in real time, for a limited number of individuals. However,
application sharing is not an effective solution for effective interaction of large project
management teams. In these situations controlling the interaction of the participants and
the flow of information becomes very important [9]. It is the absence of such
collaborative infrastructure, such as interaction protocols, information policies and
meeting structures, that renders this approach ineffective for large group interactions.
Furthermore, in civil engineering projects, substantial work is done on-site
requiring the workforce to be mobile; thus most of the problems encountered in civil
engineering projects need the assistance of both on-site and in-office personnel to be
solved. Current practices in collaborative application sharing require certain physical
setup, involving hardware and software configurations that render it unsuitable for some
on-site conditions or for a mobile workforce. There needs to be a system that enables
access to information and applications from anywhere with minimum device
specification requirements. Devices such as web-enabled phone (phone which allows
web content to be displayed on the screen) [58], Personal Digital Assistants (PDA) and
PalmTM [5] are becoming very popular among construction personnel. In addition, JavaTM
Enabled Phone [6] is in the development phase and in the near future will be available for
-7-
construction personnel. For accessing project information and interactivity, these devices
can serve as available alternates to a PC.
In addition to information access, project personnel are concerned on how to
resolve conflicts within the collaborative session. Conflicts during the collaboration may
be of technical or management in nature and tend to slow down the decision making
process. Thus, project personnel needs guidance on how the project to manage
collaborations when there are conflicts.
In summary, there exists a need for a system that provides an effective
collaborative infrastructure and timely access to resources from anywhere and any
device. This thesis presents a research effort undertaken at MIT Intelligent Engineering
Systems Lab to address the later issues.
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Chapter 2
2.0 Background
Project management deals with the planning, organizing, and managing the tasks
and resources needed to accomplish a defined objective within certain constraints. Some
of the constraints are time, performance, quality and cost. A simple project can be
planned as a simple list of tasks with their start and finish dates written on a piece of
paper. A complex plan, on the other hand might deal with thousands of tasks, resources
and a project budget of billions of dollars. As the project becomes more and more
complex, so does the requirement for a project management system.
2.1 PC based project management
The process of computerizing project management began in 1950s. The
beginnings of these systems are usually identified with the introduction of the Program
Evaluation and Review Technique (PERT) [19] and the Critical Path Method (CPM) [19]
in the 1950s. With the personal computer revolution starting from the 1980s, now there
are many mature commercial packages for project management. Primavera Project
PlannerTM [25] and Microsoft Project 2000TM [28] are two of such recognized standard
-9-
commercial software (see Figure 1). These programs provide an automated means for
project tracking and scheduling. However, access to this software is limited to trained
personnel working on certain machines in a specific location. So, once the project had
started with an original schedule, the actual field data about the schedule and cost is
recorded on paper, email, Word processor or spreadsheet documents before reaching the
scheduler on a weekly or monthly basis. Furthermore, due to easy access to an integrated
project schedule repository, updating a project schedule requires different copies on
separate machines to be changed.
D,!,',, Pu1di,9 AddlH- 22 C113F
Figure 1. Primavera Project Planner'M [25]
2.2 World Wide Web
Like many other aspects of business, the Web has changed project management.
One of the distinguishing characteristics of the Web is the fact that it is accessible via
computer, at any time, from any place, with no third party involvement necessary. It is
this quality that makes the web such an ideal tool for dissemination, gathering, and
analysis of information. Web based project management systems combine the power of
project management systems with the World Wide Web, making the details of the project
available to anyone from anywhere. They overcome the earlier problems of timely
updates, multiple copies and real time project schedule updates. Thus, the problem of
centralization and dissemination of information is solved. Microsoft Project CentralTM
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[28] is one such web based project management system (see Figure 2). In addition, a
number of other companies, like onProject.com [12] and iTeamWorks.com [13] are also
in the web based scheduling market. Project managers can update the project schedule
and resources over the web. Centralized storage of all the project information in one
central repository enables everyone involved on the project to be in tune with the latest
information. As the software is accessed through the web it requires no installation on the
local computer. With this kind of system a team can manage many projects as well as
share information with other geographically distributed teams.
nSho Mcsftodsktasks
rF Include gsssplted tasks
~I~Ij~
77 ----- --
4406
Figure 2. Microsoft Project CentralT [28]
However, most of these systems do not offer real time collaboration among the
various project personnel. These systems also offer no support for analysis tools, which
might be as simple as finding the impact on the project duration due to resource changes
or computationally heavy complex simulation software. Absence of multiple device
support such as PDA and Phone also restricts the access to the project information to only
desktop users.
2.3 Research at MIT
The DaVinci Initiative [38] at MIT investigates the use of information
technologies to improve project management systems. The research projects include
SCHEREC (Schedule Recovery) [55], CAIRO (Collaborative Agent Interaction and
- 11 -
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SynchROnization) [62] and Global Project Management System (GPMS) [19].
SCHEREC is a computer based proactive model, for better management of changes in
project schedules. GPMS explores the approach of using the World Wide Web as a
project repository, analysis and online information system.
The DaVinci Initiative at MIT has also been actively involved in the research area
of meetings protocols and management for both online and physical meetings; the way
participants interact as well as methodologies to enhance the effectiveness of a
collaborative interaction. CAIRO was developed as a realization of such collaboration
research at MIT [9]. CAIRO focuses on the use of the Internet to communicate in a
highly structured environment that includes protocols-enforcing agents to simulate a
physical meeting with a facilitator. In addition, the DaVinci Initiative, along with the
MIT Center for Coordination Science [37], has also been exploring ways to mitigate
conflict and exception handling in a collaborative environment through the MIT Process
Handbook [45].
CDPM
CAIRO
-0u
F0 3 C) 
rn
CENTRAL DATABASE
Figure 3. CDPM.
This work on collaboration and project management is now being integrated into
the Collaborative Dynamic Project Management (CDPM) on multiple computing devices.
It concentrates on providing a collaborative project management platform, which offers
project information and data analysis tools. In addition, it offers multiple device access to
the required information through a highly structured meeting environment, with well-
defined meeting protocols and information policies. It encompasses SCHEREC, GPMS,
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MIT Process Handbook and CAIRO (see Figure 3). It also incorporates the Dynamic
Project Analysis (DPA) application developed by Moonseo Park and Pena-Mora on
systematic management of cost and time for fast track projects [27].
2.4 Current Trends
As technology is advancing in the field of collaborative software, new avenues on
how to enhance the quality of collaboration in project management are being explored,
from a simple web based repository to a collaborating wireless handheld device.
Technology has come a long way from participants using the Internet to send text
messages to audio/video programs and full-blown collaborative applications.
Considerable amount of research is also being done to remove the dependency of
a person on the desktop computer as the only means of collaboration and accessing the
network, as most of the projects tend to have a substantial work force working on site or
out of office where it is not always possible to have a desktop computer. Recent work at
Carnegie Mellon University has explored the use of handheld computing devices in the
field for bridge inspection [10]. The equipment is non-encumbering and allows the
engineer to perform inspection in a natural manner. Work at the University of Kent at
Canterbury concentrates on examining the special needs and environment of the
fieldworker. The research effort also involves developing software tools that exploit
existing handheld computing and sensor technology for fieldworkers [17].
In addition, across the world different aspects of collaboration are being studied.
The Collaboration Technology Research Group (CTRC) at the University of Colorado is
one the research groups currently studying tools designed for people working in
collaborative groups [11]. Research at Louthborough University, UK is focusing on
developing a tele-presence environment for distributed teams to work together [18]. The
Center for Design Research and the Center for Integrated Facility Engineering (CIFE) at
Stanford University is developing a computer environment to improve communication
among designers in an interdisciplinary team [42]. The Key Center of Design Computing
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at the University of Sydney in Australia has studied efficiencies of face-to-face versus
online collaboration with respect to architectural design solutions [35]. Research in these
areas is all providing more understanding of the dynamics of the participant behavior in a
collaborative environment.
The DaVinci Initiative [38] at MIT is another of the groups working in the
collaboration space with emphasis on communication protocols, information policies,
multiple device access on unreliable networks. This thesis presents application of such
research to project management of large-scale construction projects.
- 14 -
Chapter 3
3.0 Requirements
The following is a case study that demonstrates the need for a multiple device
collaborative real time analysis system for large-scale infrastructure projects. The various
components of the CDPM system that are mentioned in the scenario are a part of a
prototype implementation.
3.1 Scenario
A scenario is proposed where CDPM improves the decision making process in
project management. An on-site engineer undertakes the inspection of the construction of
the foundations of a building. The inspection reveals that the true ground conditions have
not been accurately documented. The on-site engineer finds a mismatch between the
documents and the actual onsite ground conditions. The location of an obstruction in the
construction site has not been accurately documented. As this finding will require a
change in the foundations, the site engineer will have to report this to the design office
and wait for the new designs to arrive to begin construction. The project schedule and
resource allocation has not accounted for these changed conditions and there is a
15 -
considerable time lag for this information to reach the project manager so that he/she may
take corrective measures. In the absence of any support system, the result of such an
incident is project delays and loss of resources.
The presence of a CDPM system keeps all the project personnel informed and
aids in the decision making process. In this scenario, the site engineer (who is using a
handheld Windows CETM device) contacts the design engineer and the project manager in
their main office. The design engineer uses a desktop computer. The project manager
uses a web-enabled phone (phone which allows web content to be displayed on the
screen). A collaborative session is established with the site engineer and the project
manager if they are available for a meeting. If the participants are not available,
information is stored on the repository for other participants to work on it later and send it
back when the work has been done. This process introduces some lag time on the
problem solving but accommodates different schedules at which people may work. If the
participants are available, the engineer explains the problem to the other project
management personnel. The personnel have access to a central database of the project
schedule, resources and analysis tools to analyze the impact of the changed conditions.
The site engineer uses CDPM to interface with AutoCADTM and explains the location of
the obstruction to the design personnel on the original AutoCADTM drawing. As many
people are accessing the same AutoCADTM drawing (which might lead to confusion and
misunderstanding) CDPM enforces protocols, which determine the nature of interaction
any participant can have with the information. For instance, the site engineer does not
have access to change the project schedule but surely does have access to interact with
the AutoCADTM drawing to explain the problem to the design engineer. The Knowledge
Repository interfaced with the CDPM system provides the design engineer with possible
solutions to the foundation problem. These solutions, serve as a starting point for the
design engineer. The design engineer then makes the necessary changes and suggests
alternate actions to the site engineer. At the same time the project manager also makes
any schedule changes considering the changed conditions.
-16-
The CDPM system incorporates new developments into the project, minimizing
impact to the project cost. CDPM also helps the project management team to analyze and
solve the problem in the office while the problem itself might be on the job site. Since the
collaborative session would have enforcing meeting protocols and information polices it
would become more effective in terms of avoiding confusion and misunderstanding
among the various team members.
3.2 Requirements Overview
The presented scenario highlights some of the requirements for a collaborative
real time project management system. The scenario introduces need for a system which
offers shared project information, analysis tools to analyze the information, a
collaborative infrastructure to handle the flow of information, a multi-device access to the
pertaining information and a system that ensures the persistence of the underlying
information among the participants.
3.2.1 Persistence and Presentation of Information
All the participants in a collaborative project management session should be
viewing the same information. The data that the participants share should be consistent
and updated in real time. This consistency is achieved by implementing an integrated
common repository for all the information, defining the collaborative session and storing
all the transactions made on the central data in a step by step fashion. So, if someone
loses track, then by playing the changes, the participant brings himself in tune with the
rest of the participants in the collaboration. These can also be used for later analysis of
the session by playing back the recorded section.
Another aspect is the presentation of information on the different devices. As each
device has a different screen property and representational capability it becomes essential
that every participant in the collaborative environment get the relevant information
regardless of his/her device and operating system configuration. For a desktop user the
schedule may be displayed as bar charts; for a web enabled phone user it might just be
- 17 -
displayed as text; or, for a java enabled phone users it might be a graph similar to one in
the PC, either smaller or with more need to scroll.
3.2.2 Access to Resources
Project managers need to have access to project management resources such as
Primavera Project PlannerTM [25], Microsoft Project 2000TM [28], email and in some
cases, to simulation tools such as VensimTM [23] and EZStrobe [64. These software are
computationally heavy and require specific hardware and software specifications. Most
of these application software could be used as analysis tools to aid in the decision making
process. The analysis tool might provide simple levels of functionality such as finding the
activities, which are lagging behind, or it might provide a more complicated system
dynamic model which analyses the impact of resource and activity duration changes on
the project. CDPM also offers project management personnel access to project resources
and analysis tools by providing a generic interface with the various analysis tools. The
interface is kept generic so that analysis software can be added or removed as separate
components. A component based architecture makes CDPM application independent; an
application is just another module in CDPM irrespective of the operating system of the
application (see Figure 4). For instance, if a project management team desires to have
Primavera Project Planner for scheduling, a Word document containing the latest project
management report and an AutoCADTM drawing containing the project drawings, then
CDPM interfaces with Primavera Project PlannerTM [25], Microsoft WordTM [50] and
AutoCAD T M , and makes all the resources available to the project management personnel
on the same CDPM platform.
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Figure 4. Application Modules
3.2.3 Collaboration Environment
The collaborative environment manages two key aspect of an effective project
management session. First, the environment must effectively handle how participants
interact with the information. These issues are influenced by meeting structure, protocols
and information policies. Second, the environment must effectively manage the flow of
information across the diverse devices that the participants will be using.
To solve the problem, which results in confusion and disorganization among
collaboration participants, they are placed in a structured environment where policies can
be set and enforced to avoid chaos and/or anarchy. By doing so, and by guiding the
participants how to interact, the system can help in maintaining control of the
collaboration, allowing the leaders of the session to be more effective. The meeting
protocols aid in deciding who will be controlling the floor and also how the process will
be executed.
For instance, if a participant in a meeting wishes to speak, the system checks for
the meeting style and if it's a chairman style meeting, the request is send to the chairman,
and the decision on whether the participant will speak is decided by the chairman. On the
other hand if it's a brainstorming session the participant is allowed to speak at any time
unless the system has reached the maximum number of speakers.
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Protocols limit the flow of information and control the number of participants
speaking and interacting with the information. The interaction might take the form of a
text chat, a whiteboard or running an enterprise application at the same time. The
protocols define the process by which participants are able to communicate with others,
often requiring permission of the session leader (see Figure 5). By enforcing that the
participants abide by rules, authority can be established and maintained. This allows a
single participant, such as the project manager, to control the collaborative session
effectively.
Participant
wishes to
speak
Send request
Request Session Send the
goes to the *-Facilitated Style ? Chairperson-* request to
agent. Chairperson
Process Request Brainstorming
The agent re the maximum
decides number of speackers
depending on the filled
agenda of the YES
meeting NO
Add participant Add participant to the
to the list of Queue untill speaker
speakers slots are free
Figure 5. Protocol Handling
Meeting protocols could be decided by the agenda of the meeting or set up
dynamically during the interaction. One can set up an agenda where the protocols may be
as simple as giving and taking the permission of a person to speak. Alternatively the
agenda may involve layers of protocols where a participant might have permission to
interact with certain applications for a certain time. One such scenario is the interaction
of a project manager (using a desktop PC) and a site engineer (using a PDA). Here, the
project manager limits the site manager's access only to the design blue prints and
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restricts him/her from accessing the project schedule. Such complex structure of
protocols is very effective in defining the role of a participant in a collaborative
environment.
The other aspect for ensuring effective collaboration is controlling the flow of
information across multiple devices, which the participants are using. As each device has
its own limitations and characteristics, it becomes very important for the collaboration
manager to manage the flow of information across the diverse nature of the devices. The
collaboration environment also needs to makes sure that irrespective of the nature of the
device the participant is able to get the latest information. For instance, in the case of the
web enabled phone device, which has a web browser, the capability of the device is
limited as the screen does not get updated automatically as the information changes. This
limitation is overcome by providing the latest updates to the participant by sending text
message through email and the participants refresh the screen view. This keeps the
participant with a phone device in tune with the rest of the session. So the collaboration
manager not only manages the flow of the information but also the content and means
that will be delivered it to the various clients.
3.2.4 Multiple Device Access
The various participants involved in a large-scale project could be geographically
distributed and in different work conditions. It is difficult for the participants to always
get access to a desktop or portable computer when they need to communicate. Onsite
work conditions may sometimes permit only the use of wireless or portable devices. So
the system needs to support various kinds of devices like PDAs and phones to overcome
the dependency of information on a desktop or portable computer to access and manage
information. It is easy to find situations on a construction project where, the project
manager is in one office, the engineer is on site and the designer is in another office in a
different city; all of them having convenient access to different kinds of devices and
having an urgent need to communicate with each other. The system should allow all of
- 21 -
the three to collaborate and to work on the project, overcoming any barriers that are
inherent in the technology of the devices themselves (see Figure 6).
I
CDPM Server
/
Figure 6. Multiple device interaction
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Figure 7. Multiple Device Access
However, it must be recognized that portable and handheld devices simply cannot
handle computationally heavy jobs due to their specific hardware configurations.
Commercially available project management software tends to be computationally heavy
and requires specific hardware configurations. At times, due to the absence of a desktop
computer, project managers need to have access to a centrally linked system that offers
computation extensive services and which can be accessed by various computing devices
- 22 -
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regardless of their own computational power. CDPM enables handheld and portable
devices to interact with applications that are not native to the devices themselves using
technologies such as Virtual Network Computing (VNC)[15] and Web Clipping [24] (see
Figure 7).
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Chapter 4
4.0 Solution
The CDPM system is a collaborative project management platform coupled together with
application resources that provides multiple device access and is interfaced with a process
repository. The application component in the CDPM platform provides access to project
management resources (see Figure 8). It also possesses the flexibility of incorporating
other project management software as separate modules as the situation demands. The
platform is coupled with a project information module, which has all the information on
the project. The process repository module contains the process templates and guidelines
on exceptions that may be encountered during a collaborative session and the project
execution. The process repository helps in formulating the solution in the collaborative
session. It also provides useful information on the process and for resolving any conflicts
that many occur during the collaborative session. The collaboration platform controls all
the communication flow among the clients. The collaboration platform implements the
meeting protocols and meeting structure enhancing the efficiency of the participants to
share information and disseminate it in an effective manner. A multiple device access
minimizes the dependency on place and specific device requirements.
- 24 -
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Figure 8. CDPM Platform
4.1 Architecture
The system software architecture was designed to be flexible, scalable and robust. Each
component of the software has been designed to incorporate any later design changes
with little impact to the other components. The system is reliable and robust as we may
have a large team of project personnel in a collaborative session. The information across
the participants is real time and persistent. The system has multiple device interfaces,
with enough flexibility to incorporate any other future device, which may come with the
technology advancements. The adopted design pattern was event driven design [14]. In
event driven systems, actions of a client are characterized by events. When in response to
a client's action an event occurs, the system notifies all the interested clients about the
event. The clients take the appropriate actions once they receive the event.
4.1.1 System Architecture
The system architecture is based on the Model-View-Controller (MVC)
architecture [14] shown in Figure 9. The MVC architecture is based on individual
components that perform specific functionality, resulting in a more robust and scalable
solution. Using this architecture, the data component, or model is separated from the user
interface; i.e., the view component. The controller represents the channel through which
the user interacts with the model. For instance a simple project management application
will have the web interface as its view component and the controller would be the
interface through which the clients enter new schedules and change the existing ones. The
model would be the database that stores all the information about the project and does all
the computation to analyze the schedule for the project. This basic architecture has been
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expanded for CDPM (see Figure 10). The system is divided into three components where
each has a distinct role to play.
Controller F View
Model
Figure 9. Model-View-Controller Architecture [14]
The first component is the client that consists of the graphical user interface with
minimum computational work. For CDPM a very thin-client component has been kept to
reduce the computational load on the client side. The CDPM clients were device specific.
Each of the devices; i.e., desktop, handheld and portable devices had a different software
client. However, next generation of the system will work to remove this issue by using
J2METM (JavaTM 2 Platform Micro Edition) [26] on all the small devices.
The second component is the collaboration manager that handles the flow of
information regarding the sessions, participants and the resources used by the
participants. The collaboration manager consists of two sub-components; i.e., information
policies and the event manager. Information polices controls the level of access to
information in the data repository from the user depending on the meeting protocols. The
event manager is responsible for keeping the clients informed about the latest information
and events in the collaborative session.
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Figure 10. CDPM Architecture
The third component; i.e., project resources stores all the information regarding
the project. In addition, it also stores the information regarding the applications that
interface to the different project management resources used in the collaborative session.
These applications may be project analysis tools, the MIT process handbook or any
enterprise application.
4.1.2 Client Component
For CDPM three main categories of clients were implemented. These are the
desktop computer, portable computer and the handheld devices.
4.1.2.1 Desktop Computer
One of the key issues in desktop computers is cross platform compatibility. A user
with a UNIX platform should see the same application as a user on a Windows TM, PalmTM
OS [5], Windows CETM [56] or a MacTM OS [39] platform. Portability from platform to
platform is key in multi-user, multi-session collaborations, where participants are
expected to join randomly with minimum hardware requirements. The prototype CDPM
desktop client is limited to a graphical user interface that interacts with a central server,
which does all the computational work. Project managers can get the latest project
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information, interact with other users and manage a collaborative session. Meeting
protocols establish how information is shared within the collaborative session and how
control of the meeting is established. The prototype system also offers interfaces to
system dynamics software and other commercial project management software. The
prototype is portable on Unix, WindowsTM and MacTM platforms and maintains the same
graphical user interface look and feel across platforms. CDPM platform enables the
application to run on various desktop platforms maintaining the same look and feel or
converting some of the information to text format. Figure 11 shows the desktop version
of DPA (Dynamic Project Analysis) [27], which is one of the project management
applications being developed at the DaVinci Initiative [38]. The desktop version of DPA
(running on the CDPM Platform) displays the project schedule, the name of the
participants interacting in the session and a set of controls to edit the project data.
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Figure 11. DPA Prototype Desktop Interface on CDPM Platform
4.1.2.2 Portable Computer
A portable computer is the power of a desktop computer in a portable package. A
portable computer offers similar functionality to that of desktops. It is more suited to
conditions where a desktop computer cannot be installed but the full functionality of a
computer is still needed. The device screen is relatively small and acts both as input and
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output. Figure 12 shows the DPA application running on the CDPM platform on a Hand
Portable Computer.
Figure 12. Portable Computer running DPA on CDPM Platform
4.1.2.3 Handheld Devices
Handheld devices, generally known as personal digital assistants (PDA), have
been available since the mid-eighties when the first Sharp Wizards arrived on the market
[2]. But it wasn't until U.S. Robotics introduced the Pilot that the handheld market began
to take off [2]. PDAs tend to have wireless access, which keeps them connected to the
network even at remote locations. The capabilities of these PDAs are limited but all-
important information is still continually accessible. For work conditions that require not
more than a small device, which fits the size of a hand, PDAs are the ideal choice. The
capability of the devices in this category also varies. The Cassiopeia device (see Figure
13) has a better graphical display as compared to a web phone (see Figure 14) (which
might only have a text message but, none the less, all the information is accessible).
PDA's can also have attachments, which can either be a camera or a global positioning
system. New phones are now equipped with more computing power. A phone with a
built in JavaTM Virtual Machine will soon be generally available (see Figure 15) however
the software emulators for these devices have already been released for developers [6] on
which CDPM has been tested. These JavaTM enabled phones will support more
functionality and a better graphical representation on the phones rather than just a simple
text format.
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Figure 13. Cassiopeia Device running DPA on the CDPM Platform.
Figure 14. Web Enabled Phone running DPA on the CDPM Platform.
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Figure 15. JavaTm Enabled Phone [6] with DPA running on the CDPM Platform.
4.1.3 Collaboration Manager
The collaboration manager keeps track of the collaborative sessions on the
system. The collaboration manager also manages information flow among the
participants in the various sessions (see Figure 16). The two sub components; i.e.,
Information Policy and Event Manager handle different tasks within the collaboration
manager.
Collaboration Manager
Session 1 Session 2 Session 3
Participants Participants Participants
PP4 P 5P0P P7 P9 P3 P8
. 0 . . 0 0. 0. 0. 0
Figure 16. Collaboration Manager
Information Policies component act as a protocol layer in between the clients and
the project resources (see Figure 17). For instance, consider a case when one of the
participants wants to stop another participant from speaking. This requires change in the
session information. The protocol layer handles this request. The protocol layer checks
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the meeting style. If the meeting is chairman style and the participant is the chairman of
the session then he/she is allowed to make the changes; otherwise, the request is just
ignored. Similarly if the chairman denies access to the project schedule, the project
schedule is not accessible in that session.
Clients
Protocols
Project Resources
Figure 17. Resources Access
The event manager is responsible for keeping the clients informed about the latest
information and events in the collaborative session (see Figure 18). These events may be
as simple as chat messages or complex ones such as Auto-CADTM drawing updates.
The client first registers itself on the CDPM system once connected. The CDPM
system classifies clients on the basis of the meeting and the device category. The event
manager receives events from the project resource component, which it reports to the
clients. A client receives an event from the event manager if he/she is entitled to view
that information according to the meeting protocols. For instance, any private event (such
as private chat) between two participants in a meeting would not be sent to a third
participant whereas any public event (such as public chat) is sent to all the participants in
a meeting.
Event Dispatchers determine the manner in which each message will reach the
client. Each set of clients has a dispatcher of their own and are client specific. For
instance, if the two clients connected to the CDPM platform are a Web enabled phone
and a Desktop PC, the event manager sends the latest updates to the two clients using
device specific technology. For instance, the event manager sends a differential remote
display for a desktop client whereas for the Web enabled phone a string message is sent.
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Figure 18. Event Management
4.1.4 Project Resources
The project resource consists of two sub-components; i.e., session data and the
application manager. The first is the session data, which contains information regarding
the collaborative sessions, participants involved, the meeting protocols, style, and
structure. In addition, the session data contains data on the project schedules and the
various application resources interfaced to CDPM.
The application component consists of the applications, which are interfaced to
the CPM model. The interface is generic, which enables multiple applications to interface
with CDPM (see Figure 19). These applications can range from simple project analysis
software to computationally heavy simulation software. A wide variety of applications
have been interfaced with CDPM. The applications included enterprise applications such
as Primavera Project Planner TM, Microsoft Project 2 0 00TM and TimberlineTM Gold [63],
engineering applications such as Auto-CADTM and system dynamic simulation software
such as VensimTM [23] or EZStrobe [64]. As all these applications run on a central server,
the client has no extra requirements. The application component enables the project
management personnel to analyze and examine any project information which may
require different application tools and thus helps the decision making process.
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The application maintains the same user interface for both desktop computer and
the PDA. The entire application running on the CDPM server computer is ported to the
PDA (such as Palm and Pocket PC) and desktop computer using the same differential
remote display with differential image scrapping. This enables the same look and feel of
the application across various devices. However, for web enabled phones, a text version
of the application is implemented using the WAP [58] technology with only the most
important data shown.
Clients
Protocols
Application Manager
Figure 19. Application Management
4.2 Sample Use Scenario: GlobalCorp
The following scenario is presented as real world use of the CDPM System. The
names of the organizations have been masked to protect confidentiality.
With net sales in excess of US $16 Billion, GlobalCorp is a world leader general
contractor in the Architecture/Engineering/Construction market. GlobalCorp provides
design-build construction and real estate development services worldwide with
subsidiaries in Asia, Europe and North America.
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GlobalCorp is currently the lead designer and contractor for the UniProject, a
campus building for a private university in Osaka, Japan. This major construction project
consists of project managers, designers, engineers and contractors separated across
organizational and geographical boundaries working in close collaboration with the client
staff to share information, make decisions, and take actions. To test the support offered
by the CDPM to the project personnel, GlobalCorp deployed a prototype of the CDPM
system within their Intranet. The CDPM system installed at GlobalCorp was pre-loaded
with Microsoft OfficeTM [50], Microsoft Project 2000TM [28], Siebel TM [49], Timberline TM
Precision Collection@ [63] and AutoDesk AutoCADTM . The handheld devices used a thin
native client of the CDPM system.
Figure 20. Scenario one (Project Schedule - DPA)
A good way of explaining the functionality of the CDPM system is to walk
through sample interaction scenarios using it. Consider the following three scenarios
from GlobalCorp. GlobalCorp project manager for the UniProject has just attended a
meeting with the university client in Osaka and found out that the client would like to add
additional equipment on the second floor of the main Information Systems building.
On the train back to Tokyo the manager, realizing that GlobalCorp needs to move
quick to satisfy the clients need, starts an interactive session using the CDPM system.
The manager uses his handheld Windows CETM device connected via data enabled 64K I-
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mode cellular phone. The manager would like to find out how the change proposed by the
client impacts the overall project schedule. The Process Repository suggests contacting
the scheduler, site manager and the design engineer. The manager gets the project
scheduler (who is also using a handheld Windows CETM device connected via data
enabled 64K I-mode). The manager and the scheduler open the UniProject schedule
stored on the CDPM server (see Figure 20). The scheduler changes the duration of the
shop drawing activity from one week to two week, as this will be the time required to
accommodate the changes requested by the owner. From the time scaled CPM chart, the
manager sees that the change does not impact the overall project completion. This works
to the advantage of the manager, as the client is steadfast on the completion of the
Information Systems building on time with the students arriving on campus with the start
of the school semester.
Figure 21. Scenario two (Project Design - AutoCADTm Drawing)
The project manager now involves the site manager to figure out the best design
alternative considering the increased load on the structure. The site manager recommends
getting the engineer involved in this discussion as well. The engineer is at her desktop
computer at the GlobalCorp headquarters in Tokyo connected to the Intranet on the LAN
(Local Area Network). The site manager is connected to the Intranet on the LAN from
Osaka on his laptop computer.
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As the manager describes the change, the three of them brainstorm on possible
design options by opening the UniProject CAD file using AutoDesk AutoCAD TM [43] on
the CDPM server (see Figure 21 and Figure 22). Note that the protocol feature available
in the CDPM system prevents the site manager from making actual changes to the CAD
file although the site manager's annotations are visible to everyone in the interaction
session. The site manager requests the engineer, who in this case is the chairman of the
meeting, to grant him/her the floor, so that the site manager can change the CAD file. The
engineer grants the permission and the site manager suggests adding a beam for
additional support. The engineer suggests that they would need an additional column to
handle the new beam suggestion. The manager concurs and recommends that the
engineer pay careful attention to the connection since they have had same problem with
some special connections.
eo cua. (
Figure 22. AutoCADTm [43] on Pocket PC
The manager would now like to determine the cost of the change and which local
sub-contractor GlobalCorp should use for this particular task. The site manager
recommends including Osaka-area estimator to participate in the discussion. Using the
CDPM system, the manger sets up the interaction with the estimator joining in the
discussion using a wireless PalmTM V [6] device (see Figure 24). The site manager opens
a spreadsheet on the running estimate for the project using Microsoft ExcelTM [50] on the
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CDPM server (see Figure 23 and Figure 25). The estimator checks the data using the
TimberlineTM Precision Collection@ software and determines a new estimate. As the
estimator makes the change, the manager and the site manager determine the best sub-
contractor for the job by retrieving information from SiebelTM [49] (see Figure 26). Just
as this interaction ends, the manager sees that the train is already in the Tokyo suburbs,
with him having a head start in implementing the changes suggested by the client.
-A
Figure 23. Scenario three (Project Expenses - Microsoft ExcelTm [50])
The CDPM system can be used in other aspects of the project including redesign,
cost flow analysis, or any other part of a project that requires meetings and collaboration.
In general, the CDPM system is designed to be used in the manner illustrated by this
example - to provide its users with an alternative to in-person meetings in an effort to
save time and monetary costs.
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Figure 24. Microsoft Project 200OTm [50] on PalmTm IlIc
Figure 25. Microsoft ExcelTm [50] on Cassiopeia Device
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Figure 26. SiebelTm [49] on Jornada Device [65]
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Chapter 5
5.0 Technology Details
For implementing the various components of CDPM, various different
technologies were explored.
5.1 Programming language
There are various programming languages; each is suited for one type of
application or the other. The programming language used for CDPM desktop and
portable computer clients was JavaTM. C and C++ were used for the clients on the
handheld devices. In the next generation of the system, the handheld client will also be
developed in J2METM in order to increase client reusability in multiple handheld devices.
The CDPM server was written in java apart from the application server component (used
to remote the application display), which was written in C++.
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5.2 Networking
For networking, various different solutions were explored. This included the
COM (Component Object Model) [20], JINI [21], Common Object Request Broker
(CORBA) [33] and Remote Method Invocation (RMI) [34],
The Microsoft solution to networking using COM (Component Object Model)
was ruled out as it involves proprietary technology that will work only with Microsoft
software eliminating the use of alternate operating systems and devices [20]. JavaTM's
JINI technology includes a specification for distributed event notification based on its
RMI technology and the built in event system in the JavaTM language [21]. Currently the
JINI Distributed Event specification is not implemented, existing only as a specification,
however the design of JINI proves promising for systems that include various network
configurations [22]. The option of Sockets, which is one of the fastest forms of
networking technology, was ruled out, as more low level programming will be required
which would in turn considerably increase the development time.
Technologies such as CORBA and RMI allow a JavaTM object running on one
JavaTM Virtual Machine (VM) to invoke methods on an object running in another JavaTM
VM. The two JavaTM VMs can be on the same computer or on computers on different
continents of the world. CORBA is a competing distributed systems technology that
offers greater portability than RMI. Unlike RMI, which is tied to JavaTM , CORBA isn't
tied to one language, and as such, can integrate with legacy systems written in older
languages, as well as future languages that include support for CORBA. Considering the
amount of legacy systems available for project management, which are either in C or C
++; thus the choice for CDPM was CORBA.
5.3 Database
The database used for the solution was ORACLE 8i. It not only acts as data
storage but also forms an integral part of the event dispatching mechanism. Oracle8i
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enables JavaTM based database application making it an ideal tool for database centric
applications. All the database work was done in PLSQL and the event dispatching
mechanism in JavaTM. Figure 27 shows a sample database schema in CDPM.
Session
Profile MeetingID(pk)(fk) Meeting
ProfileIlD(pk) Profil(pk)pk)(fk) MeetingD(pk)
Username Status ChairmanID(fk) -t_
Password Device Name
FirstName Date
LastName -- Time
Address Duration
Email Style
Pd o MeetingStyle Styee w
Chairman ....
Brainstorming
Lecture
MeetingPort
Meeting(d(pk)(fk) e sSessionProject
Port(pk) ProjectD(pk)(f k)d e w
Activity MeetingID(pk)(fk) u - f
Activityld(pk)
+Projectdpk)(fk)
Name
PreActivity Duration Project
Ac tivityld(pk)(fk) t e ofth me ProjectiD(pk)
PredActivryld(pk)(fek) Name rt i
Projectld(pk)(fk) StartTime
LagTime r w endTime
Relation
Figure 27. Sample Database for CDPM
For the data to be structured over the Internet, Extensible Markup Language
(XML) [16] was used. XML proves to be an ideal candidate as compared to Hyper Text
Markup Language (HTML) as it provides highly structured documents, which can be
used over the Internet irrespective of the underlying data structure of the represented
information [16]. The inherent advantage of XML over HTML lies in the fact that it
attempts to specify only the content and not look and feel. The mechanism of document
delivery to the client constituted of the database pushing an XML document to the web
server and the web server delivering the same document to different clients. Depending
on the client type, different style-sheets were applied to the same XMEL document to
obtain distinctly different looks based on the device type. XML thus provided a
distinctive advantage over HTML in this respect.
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5.4 Devices
Various kinds of devices were researched for CDPM. At least one representative
from each category of devices was used; i.e., desktop, portable and handheld was
explored. The Web enabled Phone [58], Palm TM [6], IPAQ [57] and Cassiopeia [59] being
the main ones. On each of these devices different ways of presenting the information
were also examined. For some of the devices like the Web enabled Phone, the
presentation of information was restricted to text whereas for PalmTM [6] and Windows
CETM [56] devices both text and graphical user interfaces were implemented (see Figure
33 and Figure 34).
Palmn OS'Emnulator
Figure 28. DPA PalmTm Prototypes on CDPM Platform (Text Interface)
Handheld Devices Markup Language (HDML) [31]- now called the Wireless
Markup Language (WML) [32] was used for the Web enabled Phone in CDPM. HDML
is a language that allows the text portions of Web pages to be presented on cellular
phones and personal digital assistants (PDA) via wireless access. On the phone, the
participants view the information as text messages and are kept in tune about the latest
developments. With the latest innovation being the JavaTM enabled web phone, rich
application would be possible on phone on the next generation of the system [6].
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For the Palm VII device by Palm, Inc [5] access to the web was provided by Web
Clipping, a proprietary technology for transforming HTML content to a suitable format
for the Palm device. For another version of Palm; i.e., Palm III, graphical access to the
project management application was enabled with the Virtual Network Computing
(VNC) environment [15] and access to the Internet via a wireless modem. Virtual
Network Computing (VNC) is a remote display system that allows a user to view a
computing desktop environment not only on the machine where it is running, but from
anywhere on the Internet and using a wide variety of machine architectures [15]. Here,
the entire application running on a desktop computer is ported to the Palm as a
differential remote display and the corresponding events in the remote display are
mapped to the application. This renders the full functionality of a desktop application on
a handheld device. Thus enabling a user with a handheld device to interact with a desktop
project management application as if it was being executed on the device itself.
Palm OS Emulator
Figure 29. DPA PalmTm Prototypes on CDPM Platform
(Same graphical representation as desktop)
The Cassiopeia device equipped with a wireless connection enables the
participants to share and update all the project information on a real time basis. Similar
technology used in PalmTM IIc [6] was used for the Cassiopeia device. The main
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difference was the CDPM client on the device, which in this case was designed for the
Windows CE TM [56] platform instead of the Palm T M OS [6].
5.5 Barriers
One technical barrier to conferencing with people from outside the organization
has been Firewalls. Firewall is a software solution for blocking direct access to computers
in the Intranet from the outside world [30]. Although Firewalls are becoming more
adaptable, and the technology to connect through firewalls is becoming more mature, it is
expected to continue to be an issue for a small number of organizations with high security
needs. CDPM resolved the issues of firewalls by making the clients request, at a regular
time interval, the latest changes in the project data from the server rather than the server
informing the clients. The clients requested the changes from a web server, running on
port 80 and used the HTTP protocol [40]. As this kind of information request is allowed
by a majority of firewalls CDPM did manage to bypass the firewall barrier although with
a performance overhead.
Other barrier is the bandwidth for mobile devices. The existing technologies for
wireless only enable the handheld devices low bandwidth access to the Internet. Although
the full functionality of the application is accessible but its effective utilization is
restricted, as the low bandwidth does not allow real time interactivity. As the number of
wireless handheld devices designed to access the Internet increases, there will be a
serious need for a faster and better wireless communications technology. One of the
currently emerging technologies is the 3G, which is the third generation of wireless
communication technology [29]. As some analyst points out, Japan will get the first 3G
wireless bandwidth boost (up to 2M bit/sec.) in October 2001. Europe is yet to follow in
2002 and the U.S. sometime between 2003 and 2005 [29]. This technology will provide
superior wireless voice quality and data services supporting video and multimedia
content sent wirelessly to laptops, handheld and smart phones. As this technology will
come, the low bandwidth problem faced by CDPM will be eliminated.
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Chapter 6
6.0 Summary
A system is implemented for serving the project management personnel who are
geographically distributed on various project sites to effectively work in a collaborative
environment with the minimum dependency on specific hardware and software
requirements. The system enables users with different kinds of computing devices to
interact and share information in a collaborative environment. The system is also
equipped with project analysis tools to aid in the decision-making process. The system
enriches the effectiveness of the collaborative session by enforcing meeting protocols and
meeting structure. Once deployed the CDPM system will provide a better project
management solution.
6.0 Future Work
CDPM offers a solution for project management personnel to have an effective
collaborative session with other members of the project management team. It offers
support for analysis tools and a highly structured meeting environment. However, it does
lack the aspect of an expert, which can intervene and guide the participants in the
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collaborative session on any problem that they tend to encounter. The CAIRO Agent [62]
does enforce the meeting protocols and the meeting environment but offers no solution to
the technical and collaborative conflicts in the collaborative session.
In the present state, the status of the process repository in CDPM is similar to any
other application that interfaces with CDPM. Although it does solve the purpose of
providing generic solutions to exceptions encountered, the effectiveness is limited on
how efficiently can a person use the information present in the process handbook. This
facilitator or agent, which is of future research interest, will offer solutions based on the
problem at hand. The problem might be a conflict encountered in a collaborative session
or any technical or management problem the project team encounters. The agent would
not match the intuitive nature of the human brain; however, would certainly be able to
provide some good result correlations and data mining.
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